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FINAL REPORT

Accomplishments and Conclusions

This research program was devoted to the synthesis and

characterization of new transition metal complex electrical

conductors. The primary objective of the program is to develop

guidelines which will lead to the rational synthesis of

electrical conductors with desired properties, with a secondary

mandate being to solve important scientific problems that are

encountered in the research. ... (-)

Mixed-valence compounds provide very good candidates for

electrically conducting materials. Studies on the compounds

KCu 4S, K3Cu8 S6, and KCu3S 2 show that K 3Cu8S 6 is a kinetic phase

and displays behavior typical of systems with charge density

waves. Magnetic, electrical, and X-ray studies on these

compounds are discussed in detail in Technical Report No. 25

(Jan. 7, 1987). Magnetic, spectral, and electrical conductivity

studies on the mixed-valence compounds with cationic copper

complexes and donors such as TCNQ have permitted an evaluation

of the transport mechanism in this series of compounds. For

example, as discussed in Technical -it, :ts Nos. 26 (May 15, 1987)

and 27 (July 10, 1987), one-third of an electron (per formula

unit) is transferred from TCNQ- to [Cu(phen)2  , E and t are of

comparable magnitudes, the bandwidth is appreciable, and high

electrical conductivities and low activation energies are

expected and observed. Current ideas concerning significant

problems in low-dimensional crystalline inorganic and organic

solids have been identified (Technical Report No. 31).
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The new high-temperature copper ceramic superconductors fit

naturally in our program because these are good examples of

mixed-valence systems. Magnetic and electrical studies on the 1-

2-3 compounds revealed frustration and spin-glass behavior

(Technical Report No. 30) amd variable-range hoping in oxygen-

depleated samples (Technical Report No. 29). Studies on the Bi-

Ca-Sr-Cu-O superconducting ceramics revealed effects of

composition and firing conditions on the properties of these

materials (Technical Report No. 32). Current studies are devoted

to Sn doped samples of the new bismuth superconductors. Here

Mossbauer spectroscopy is being used to probe electronic

structures.

As a part of our continuing effort to produce two-

dimensional mixed-valence copper complexes, we studied a number

of suitable candidates including a series of copper carboxylates.

As discussed in Technical Report No. 34, the two-dimensional

complex copper(II) maleate monohydrate undergoes a transition to

a ferromagnetically ordered state at 4 K. The ferromagnetic

interaction occurs as a result of the relative orientation of the

magnetic orbitals and the orbitals of the bridging carboxylate

group which transmits the superexchange mechanism. Unusual

materials have been generated in this phase of our work, ani

characterization of them is still underway.

Much attention was paid to the bis(phthalocyanato)-

lanthanides which have sandwich-like structures and are capable

of existing in two oxidation states. The compounds may also be

doped with iodine, and single crystals may be grown by using
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elecrochemical techniques. As discussed in Technical Report No.

34, the electrical conductivities of the iodine doped substances

are several orders of magnitude higher than those of the undoped

materials. The conductivity behavior may be explained in terms

of the variable hopping mechanism for heavily doped

semiconductors. Calculations using the angular overlap model

were carried out the aim of reproducing magnetic properties, and

as discussed in Technical Report No. 35, the results show that

the pyrollic nitrogen donor atoms are weak sigma donors and

moderate pi donors. Some very exciting new magnetic results have

been obtained for the oxidized Ln(Pc) 2 compounds with Tb, Dy, Ho,

Er, Tm, and Lu. These results form the basis for technical

reports to be issued in the near future.
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